Abstract
measured in three channels in the visible to shortwave infrared region. The impact of the 23 absorption from atmospheric gases on the satellite signal is corrected by applying 24 transmittances calculated using the water vapour profiles from a Met Office forecast model. 25 The sensitivity analysis shows that a 10% error on the humidity profile leads to an 18.5% bias 26 on the above-cloud AOT, which highlights the importance of an accurate atmospheric 27 correction scheme. In situ measurements from the CLARIFY-2017 airborne field campaign are 28 used to constrain the aerosol size distribution and refractive index that is assumed for the 29 aforementioned retrieval algorithm. The sensitivities in the retrieved AOT, COT and CER to 30 the aerosol model assumptions are assessed. Between 09:00-15:00 UTC, an uncertainty of 40% 31 is estimated on the above-cloud AOT, which is dominated by the sensitivity of the retrieval to 32 the single scattering albedo. The absorption AOT is less sensitive to the aerosol assumptions 33 with an uncertainty generally lower than 17% between 09:00-15:00 UTC. Outside of that time 34 range, as the scattering angle decreases, the sensitivity of the AOT and the absorption AOT to 35 the aerosol model increases. The retrieved cloud properties are only weakly sensitive to the 36 aerosol model assumptions throughout the day, with biases lower than 6% on the COT and 3% 37 on the CER. The stability of the retrieval over time is analysed. For observations outside of the 38 backscattering glory region, the time-series of the aerosol and cloud properties are physically 39 consistent, which confirms the ability of the retrieval to monitor the temporal evolution of 40 aerosol above cloud events over the SEAO. 41 42
Introduction

44
The South East Atlantic Ocean (SEAO) provides a natural laboratory for analysing the full 45 range of aerosol-cloud-radiation interactions. During the fire season, large amounts of particles 46 from African biomass burning are transported above the semi-permanent deck of stratocumulus 47 covering this oceanic region. As a result, an important contrast is expected in the Direct 48
Radiative Effect (DRE) of aerosols (i.e. the direct impact of aerosol scattering and absorption 49 of radiation). On one hand, the aerosol scattering above the ocean typically increases the local 50 albedo which leads to a negative DRE at the top of the atmosphere. On the other hand, the sign 51 of the DRE above clouds depends on the underlying cloud albedo and the aerosol absorption. 52
Positive instantaneous DRE of up to +130W m -2 has been observed by satellite instruments 53 over the SEAO (De Graaf et al., 2012; Peers et al., 2015) . There are many poorly constrained 54 variables, such as the aerosol and cloud properties, vertical structure of aerosol and clouds 55 (Peers et al., 2016) , which result in a large spread in the DRE derived from climate models in 56 this region (Zuidema et al., 2016) . In addition, the absorption of radiation by aerosols leads to 57 a modification of the atmospheric stability and consequently on the formation, development 58 and dissipation of clouds, i.e. semi-direct effect. Studies have shown that the overlying African 59 biomass burning aerosols are associated with a cloud thickening (Wilcox, 2010 (Wilcox, & 2012 . This 60 negative semi-direct effect partly compensates the positive DRE of aerosols above clouds over 61 the SEAO. However, as an aerosol plume moves away from the coast and descends into the 62 boundary layer, the heat due to the aerosol absorption could lead to a reduction of the cloud 63 thickness (Koren et al., 2004) . Biomass burning particles may also have indirect effects through 64 their interactions with cloud droplets, leading to a modification of the microphysics of the 65 cloud, its lifetime and precipitations (Twomey, 1974; Rosenfeld, 2000) . Recent model studies 66 (Gordon et al., 2018; Lu et al., 2018) suggest that the semi-direct and indirect effects of aerosols 67 dominate the DRE over the SEAO, leading to a regional cooling. 68 69
Until recently, there has been a relative dearth of observations of biomass burning above clouds 70 as passive sensor retrievals of aerosol and cloud are generally mutually exclusive. In past 71 studies, biases in cloud properties derived from passive shortwave measurements were 72 expected because the impact of aerosol absorption above clouds was not taken into account in 73 the retrievals (Haywood et al., 2004 The approach used to retrieve aerosol and cloud properties from satellite spectral radiance 118 measurements relies on the colour-ratio effect (Jethva et al., 2013) . The signal backscattered 119 by a liquid cloud is almost spectrally neutral from the UV to the Near Infra-Red (NIR). On the 120 other hand, the absorption from biomass burning aerosols is typically larger at shorter 121 wavelengths. Therefore, the presence of absorbing aerosols above clouds modifies the apparent 122 colour of clouds. This enhancement of the spectral contrast can be detected by any passive 123 remote sensing instrument with two channels with enough separation in the UV/NIR region. 124
The SEVIRI instrument, aboard the MSG satellite (Aminou et al., 1997) , has channels centred 125 at 0.64, in the visible, and at 0.81µm, in the NIR. Figure 1 For AOT = 0, the radiance ratio is around 1 and weakly depends on the COT. As the AOT 138 increases, the radiance at 0.81µm as well as the radiance ratio decreases, indicating that the 139 attenuation from the aerosol layer is larger at 0.64 µm. This attenuation is mainly due to the 140 absorption from the aerosol layer, which means that it is primarily correlated to the Absorption 141 AOT (AAOT). 142 143
As in the Nakajima and King technique (1990), the sensitivity of the retrieval to the CER is 144 brought by the Short-Wave Infra-Red (SWIR) channel of SEVIRI, centred at 1.64µm. Figure  145 2 shows the radiances at 0.81 and 1.64 µm for several COT and CER as well as the impact of 146 overlying absorbing aerosols. The simulations without aerosol are plotted in blue and represent 147 the signal typically used by cloud property retrievals that do not include light absorption from 148 overlying aerosols. The orange and red grids are associated with an AOT of 0.5 and 1.5 at 149 0.55µm. Compared to the no-aerosol case, these grids are shifted towards the upper left, which 150 means that the presence of aerosols decreases the NIR radiance and increases in the SWIR 151 signal. As highlighted by Haywood et al. (2004) , not taking into account the aerosol absorption 152 above clouds leads to low biases in both the COT and the CER. These biases depend on the 153 aerosol loading as well as on the brightness of the underlying cloud. 154 155
Although the aerosol microphysical properties have some influence on the signal measured by 156 satellites, this kind of approach requires us to assume an aerosol model. Fundamentally, the 157 algorithm developed here aims to retrieve the above-cloud AOT, the COT and the CER from 158 the magnitude and the gradient of the radiances measured by SEVIRI at 0.64, 0.81 and 1.64 159 µm using a basic Look Up The aerosol size distribution was characterized between 0.05 and 1.50 µm radius using a wing-238 mounted Passive Cavity Aerosol Spectrometer Probe (PCASP). Before and after the campaign, 239 the bin sizes of the PCASP were calibrated using aerosolized diethyhexyl sebacate and 240 polystyrene latex of known size and refractive index (Rosenberg et al., 2012) . Further Mie-241 scattering theory based calculations are performed in order to determine the bin sizes at the 242 refractive index of the biomass burning aerosol sample. Partial evaporation of water is expected 243 in the PCASP due to the heating of the probe, which may decrease the aerosol size. However, 244 the sonde dropped during the flight indicates an average relative humidity above clouds of 245 29.2% with a maximum of 38.6%. According to Magi and Hobbs (2003) , the light scattering 246 coefficient of an aged African biomass burning plume only increases by a factor of 1.01 for a 247 relative humidity of 40%. For this reason, the impact of humidity on the PCASP and 248 EXSCALABAR measurements is neglected. Three sources of errors have been taken into 249 account on the PCASP measurements: the error on the bin concentration is calculated 250 according to Poisson counting statistics, the sample flow rate error is assumed to be 10% and 251 a bin edge calibration error of half a bin has been considered. 252 253
The aerosol properties needed for the SEVIRI retrieval include the size distribution and the 254 complex refractive index. The normalized number size distribution (dN/dlnr) is commonly 255
represented by a combination of lognormal modes: 256
where N i , r i and s i are the number fraction, the geometric mean radii and the standard deviation 257 of the mode i, respectively. As in most remote sensing applications, it has been chosen to 258 represent the particle size distribution for the aerosol during CLARIFY-2017 with a fine and a 259 coarse mode contributions. The aerosol optical properties are calculated using the Mie theory, 260
as the spherical approximation is expected to be valid for biomass burning particles from one 261 hour after being released in the atmosphere (Martins et al., 1998 ). The aerosol model is selected 262 by iteratively adjusting the refractive index and fitting the PCASP measurements ( Fig. 4a ) until 263 the aerosol model matches the SSA from EXSCALABAR (Fig. 4b) . In order to obtain the most 264 suitable aerosol optical parameters for the retrieval, it is important to accurately fit the PCASP 265 measurements where the aerosols contribute the most to the SEVIRI signal. Each bin of the 266 PCASP has been assigned a weight for the fit of the bimodal distribution. The weights have 267 been calculated in a similar way to Haywood et al. (2003) , which means that they are 268
proportional to the contribution of each bin to the total aerosol extinction in the 0.6 µm band. Lambertian with an albedo of 0.05 at all wavelengths which is typical of the sea-surface albedo 305 under diffuse radiation conditions. The aerosol and cloud properties assumed for the LUT are 306 summarized in Table 1 . The truncation of the cloud droplet phase function has been done using 307 the delta-M method (Wiscombe, 1977) and the TMS correction (Nakajima and Tanaka, 1988) 308 has been applied. The cloud layer is assumed to be located between 0 and 1 km and the aerosol 309 layer between 2 and 3 km. The sensitivity of the algorithm to the altitudes of the aerosol and 310 cloud layers is expected to be negligible due to the small contribution of the Rayleigh scattering 311
to the signal at the SEVIRI wavelengths. We have evaluated the error due to the fixed aerosol 312
and cloud altitudes to be lower than 2.5% on the AOT and 0.3% on the cloud properties. The 313 cloud droplets are assumed to follow a gamma law distribution characterised by an effective 314 variance of 0.06. When the cloud is optically thin and/or the cloud droplets are too small, it is 315 not possible to separate the contribution to the optical signal arising from aerosols from that of 316 clouds. Therefore, the minimum values for the CER and the COT in the LUT are 4 µm and 3, 317
respectively. This also justifies the assumption of a relatively simple sea-surface reflectance 318 parameterisation as, at COTs exceeding 3, the sea-surface has little impact on the upwelling 319 radiances above clouds. Clouds associated with lower COT and/or CER are rejected. The 320 aerosol model corresponds to the CLARIFY-2017 model mentioned above, assuming the same 321 refractive index at the 3 SEVIRI wavelengths. 322 323
The retrieval of the above-cloud AOT, COT and CER is performed simultaneously. The result 324 corresponds to the parameters that minimise the difference e between the simulated radiances 325 R sim and the corrected satellite signal R l : 326
When the simulated signal is not close enough to the satellite measurements (i.e. e > 0.0006), 327 the result is rejected. The retrieval of the above-cloud AOT is highly uncertain at the cloud 328 edges and for inhomogeneous clouds. In order to remove these results, the products are 329 aggregated onto a 0.1 ´ 0.1° grid and the standard deviation of the AOT and the CER are 330 calculated. Note that each grid cell represents approximately 12 SEVIRI pixels. The 331 inhomogeneity parameter r is defined by the ratio of the standard deviation of a parameter to 332 the average value of this parameter. The results corresponding to a standard deviation of the 333 AOT larger than 0.7 and/or r CER > 0.2 as well as grid cells associated with less than 9 successful 334 retrievals are rejected. 335 336
It is important to realise that the uncertainties that we quantify here are structural and 337 parametric uncertainties related to assumptions made in the retrieval algorithm. When using a 338 fixed aerosol model, no account is made for natural variability in the aerosol optical parameters 339 and the associated uncertainty; this is dealt with in the uncertainty analysis that follows. 340 341 cloud AOT pixels associated with an uncertainty larger than 100% have been removed. A good 364 spatial agreement is observed between the two satellites products. The above-cloud AOT from 365 MODIS is also 1.0 on average close to the coast. On average over the area, the MODIS above-366 cloud AOT is larger by 0.05 compared to SEVIRI. Considering that MODIS is less sensitive 367 to the atmospheric absorption and that the two algorithms are based on the same principle, the 368 small differences observed between the two above-cloud AOT tend to validate the atmospheric 369 correction applied on the SEVIRI measurements for that case. There is a good consistency 370 between the MODIS and the SEVIRI COT. Finally, the CER retrieved with the 371 MOD06ACAERO algorithm is larger by 2.2 µm compared to the SEVIRI CER. This almost 372 systematic difference is mainly due to differences in the satellite instruments, and especially, 373 the difference in the channels used for the retrieval (Platnick, 2000) . A fully statistical analysis 374 against the MODIS algorithm, and against airborne remote sensing and in situ measurements 375 will be presented in a companion paper. 376 377 b. Atmospheric correction 378 
Results and uncertainty analysis
379
The atmospheric transmittances above clouds used to correct the SEVIRI measurements from 380 the gas absorption are calculated based on forecast water vapour profiles. In order to assess the 381 sensitivity of the retrieval to the atmospheric correction, new transmittances have been 382 calculated for the event studied here, modifying the specific humidity by +/-10%. The aerosol 383 and cloud properties retrieved with the modified atmospheric corrections are aggregated on a 384 0.1 ´ 0.1° grid. Figure 7 compares the retrieved aerosol and cloud properties from SEVIRI-385 measured radiances using the original specific humidity forecast with the perturbed specific 386 humidity (+10% in orange and -10% in blue). The uncertainty on the water vapour content 387 impacts mainly the retrieval of the above-cloud AOT, and then the COT, because of its effect 388 on the radiance ratio. A +10%/-10% bias on the humidity leads to an 389 overestimation/underestimation of the AOT and COT respectively. aerosol models and used to re-process the case study from section 3.a. After aggregating the 437 data on a 0.1 ´ 0.1° grid, the AOT as well as the Absorption AOT (AAOT), the COT and the 438 CER are compared against those obtained with the standard CLARIFY-2017 aerosol model. 439
Results are shown in Figure 9 and 10. For each aerosol and cloud property, a linear relationship 440 is observed between the retrieval using the standard CLARIFY-2017 aerosol model and the 441 modified one. The retrieval of cloud properties ( fig. 9c, 9d, 10c and 10d) appears to be weakly 442 sensitive to the assumed aerosol model, with g having a slightly larger impact. On average, 443 differences lower than 4.1% are observed on the COT and lower than 2.4% on the CER. As 444 expected, the choice of the aerosol model has much more influence on the AOT retrieval. The 445 uncertainty on the AOT is dominated by the SSA assumption. When aerosols are more 446 absorbing than the CLARIFY model, the algorithm overestimates the AOT by 25.7%. 447
Conversely, the retrieved AOT is underestimated by 32.6% when aerosols are less absorbing 448 than the CLARIFY model. The impact of g alone on the retrieved AOT is far less significant 449 and lower than 4.3%. Figure 9a , which shows the impact of a perturbation on both the SSA and 450 g, confirms that the SSA is the parameter with the strongest influence on the AOT retrieval. 451
The largest overestimation (27.5%) is observed when both the SSA and g are overestimated 452
( fig. 10a ), while the largest underestimation (-33.3%) is obtained when the SSA is 453 underestimated and g is overestimated. The retrieval of the above-cloud AOT depends mostly 454 on the aerosol absorption of the light reflected by the cloud. Therefore, it is expected that the 455 retrieved AAOT is less sensitive to the absorbing property of the aerosol than the AOT. The 456 sensitivity of the AAOT to the assumed aerosol properties is shown in Figure 9b and 10b. The 457 uncertainty in the AAOT due to an error in g is similar to the uncertainty in the AOT (<5%). 458
However, the influence of the SSA assumption alone on the AAOT is smaller than the influence 459 on the AOT, with differences of 1.9% and -8.7%. This means that a perturbation of the SSA 460 primarily impacts the scattering AOT. The largest overestimation of the AAOT (2.7%) is 461 obtained when the assumed aerosol model overestimates g. An underestimation of the SSA and 462 an overestimation of g lead to the largest underestimation of the AAOT (-5.1%). 463
464
The variation of the solar zenith angle, and therefore, of the satellite observation geometry 465 during the day can impact the sensitivity of the retrieval to the aerosol assumptions. Therefore, 466 the 15-minute SEVIRI observations for the 28 August have been processed using the eight 467 aerosol models described above and compared to the aerosol and cloud properties retrieved 468
with the CLARIFY aerosol model. The difference ∆x i of a product x is defined as: 469 ∆ / = ( >?@ABCD − / ) / ×100% 470 where x CLARIFY and x i is the mean product x retrieved over the SEVIRI slot with the aerosol 471 CLARIFY model and the modified model i, respectively. Figure 11 shows the time series of 472 ∆AOT (a), ∆AAOT (b), ∆COT (c) and ∆CER (d) obtained with the modified aerosol models. 473
The sensitivity of the retrieved cloud properties to the aerosol model assumptions remains 474 small (lower than 5.6% for the COT and 2.6% for the CER) and dominated by the sensitivity 475 to g. Apart from a small decrease of ∆COT at midday when g is overestimated (solid blue line) 476
and an increase of ∆COT in late afternoon when the SSA is underestimated (solid red line), no 477 significant trend is observed on the cloud property sensitivities. As observed previously, the 478 uncertainty on the AOT is led by the SSA assumption, with the AOT being overestimated 479 (respectively underestimated) when the assumed SSA is overestimated (respectively 480 underestimated). Until 15:00, ∆AOT stays within +/-40%, with the sensitivity to the SSA being 481 slightly larger at midday. Then it increases up to 60% when the SSA is overestimated and g is 482 underestimated (dashed blue line). Similar trends are observed on ∆AAOT, with generally 483 lower values than ∆AOT. An increase of the uncertainty is observed on the AAOT after 15:00, 484 that reaches up to 27% at 16:30. Before 15:00, there is a larger AAOT sensitivity to the SSA 485 around midday (+8.9%/-15.2%), but there is no evident evolution of the sensitivity to g with 486 time. The case that lead to the largest biases on the AAOT is when the SSA is underestimated 487 and g overestimated (dashed green lines), with an underestimation of up to 23%. However, it 488 should be noted that 0% of the AERONET observations used in Figure 8 are associated with 489 an SSA lower than SSA CLARIFY -s SSA and a g larger than g CLARIFY -s g . Otherwise, the sensitivity 490 of the AAOT to the aerosol property assumptions stays between -16.6 and +9% before 15:00. 491 492
In conclusion, the retrieved AOT is less sensitive to the aerosol property assumption before 493 15:00, with an uncertainty of 40%. This uncertainty is dominated by the sensitivity of the 494 retrieval to the SSA. An overestimation (respectively underestimation) of the AOT is expected 495 when the observed aerosols are more (respectively less) absorbing than the aerosol model 496 assumed for the retrieval. A better accuracy is obtained on the retrieved AAOT, with an 497 uncertainty generally lower than 17 % before 15:00. The sensitivity of the cloud properties to 498 the aerosol model assumption remain small all day long, with an uncertainty of 5.6% on the 499 COT and 2.6% on the CER. 500 501 4. Assessing the stability of the retrieval 502 503
One of the major benefits from using SEVIRI is the ability to track both aerosol and cloud 504 events at high temporal resolution. Therefore, it is important to evaluate how consistent the 505 retrieval is over time. For that purpose, two days of continuous observations (i.e. 5 th and 6 th 506 September 2017) have been analysed and the retrieved properties have been averaged over 507 20˚S and 10˚S, and 5˚E and 15˚E, which correspond to the red square on the maps of Figure  508 12. The above-cloud AOT, COT and CER time series are presented in Figures 13a, b and c. 509
The studied area is located next to the coast, where the AOT is typically the highest. The above-510 cloud AOT is around 0.66 and 0.72 for the 5 th and the 6 th September, respectively. As expected, 511 the transport of the aerosol plume from east to west is slow, resulting in a small evolution of 512 the above-cloud AOT. On both days, a peak is observed at 12:12pm with an anomaly larger 513 than the AOT variability. This localised discontinuity in the above-cloud AOT is shown in the 514 11:42, 12:12 and 12:42 UTC maps for 05 September 2017 of Figure 12 . The evolution of the 515 cloud properties is slightly more complex. A small decrease is observed on both the COT and 516 CER until 2pm. After 3pm, both properties sharply increase. The clouds are strongly affected 517 by the diurnal cycle and a shoaling of the cloud cover is expected from early morning to late 518 afternoon. As the thinnest clouds vanish, the cloud fraction decreases together with the number 519 of retrievals in the area. This results in a larger contribution of the thickest clouds to the mean 520 value in the late afternoon. As for the above-cloud AOT, large variations of the CER are 521 observed around noon. At that time, the sun and the satellite are almost aligned and the 522 scattering angle ( fig. 13d ) reaches values larger than 175˚ which corresponds to the region 523 where the glory phenomenon is typically observed. Several reasons can explain why the 524 retrieval does not perform well in backscattering direction. The first one is the uncertainty in 525 the LUT due to the truncation of the cloud phase function. Although the TMS correction gives 526 good results, biases still remain in the glory aureole (Iwabushi and Suzuki, 2009). Also, the 527 radiances in the glory are more sensitive to the cloud droplet microphysics (Mayer et al., 2004 ). 528
The assumption on the variance of the droplet size distribution may induce biases in the 529 retrieval. Therefore, the accuracy of the retrieval cannot be guaranteed within the glory aureole 530 and these observations should be discarded. In Figure 13 , the timespans corresponding to the 531 MODIS Aqua and Terra overpasses in the region are highlighted in orange. This shows that 532 MODIS measurements are typically performed before and after SEVIRI observes the glory 533 backscattering over the SEAO, usually allowing comparisons between these instruments. 534 535
The performance of the algorithm is further assessed by evaluating the stability of the retrieved 536 above-cloud AOT at pixel level. As noted by Chang and Christopher (2016) , in this region over 537 these scales, aerosols are expected to have a limited temporal variability and the variation of 538 the above-cloud AOT is expected to be small between t=0 and t+/-15 minutes. The differences 539 between the AOT retrieved at t=0 and the running mean estimated between t-15 and t+15 540 minutes have been calculated at pixel level for observations between 09:00-15:00 UTC, 541 removing measurements within the glory backscattering region. Figure 14 shows the histogram 542 of the AOT differences calculated over a 12-day period (01 to 12 September 2017). The 543 differences follow a normal distribution centred around 0.0 with a standard deviation of 0.1. 544
This short-term variability can be attributed to several sources of uncertainties, such as the total 545 amount of water vapour, its vertical distribution, the retrieved cloud top height and the 546 numerical fitting procedure. This analysis indicates that the retrieval of the above-cloud AOT 547 remains relatively stable, with an observed variability of +/-0.1 between consecutive 548 observations. Except for the glory backscattering, the stability observed on the retrieved aerosol 549 and cloud properties reinforces the reliability of the algorithm. 550 551
Conclusion
553
Recently, progress has been made in the remote sensing field in order to fill the lack of aerosol 554 above cloud observations. Techniques have been developed to retrieve aerosol and cloud 555
properties over the SEAO from passive remote sensing instruments. These algorithms take 556 advantage of the colour-ratio effect (Jethva et al., 2013) , which is the spectral contrast produced 557 by the aerosol absorption above clouds. Although OMI (Torres et al., 2012) , MODIS (Jethva 558 et al., 2013; Meyer et al., 2015) and POLDER (Peers et al., 2015) already provide useful 559 information about aerosols above clouds, these instruments are on polar-orbiting satellites and 560 their low temporal resolutions prevent monitoring the diurnal variation of the cloud cover and 561 of the DRE of aerosols over the SEAO. For the first time, we have applied a similar algorithm 562 to geostationary measurements from the SEVIRI instrument, which has a repeat cycle of 15 563 minutes. The method consists of a LUT approach, using the channels at 0.64, 0.81 and 1.64 564 µm in order to retrieve simultaneously the above-cloud AOT, COT and CER. 565 566
Compared to other satellite instruments, the SEVIRI measurements are more sensitive to the 567 absorption from atmospheric gases because of their wider spectral bands. Therefore, an 568 efficient atmospheric correction scheme is essential in order to separate the absorption from 569 aerosol absorption and from the atmospheric. Atmospheric transmittances are calculated with 570 the fast-radiative transfer model RTTOV based on the cloud top height observed by SEVIRI 571 and the forecasted water vapour profiles from the Met Office Unified Model. The water vapour 572 correction has the largest impact on the above-cloud aerosol retrieval. The impact of errors in 573 the atmospheric correction has been evaluated by modulating the humidity profile for a case 574 study. A positive bias of both the AOT and the COT is observed when the water vapour is 575 overestimated, and vice versa. On average, an 18.5% bias on the AOT and a 5.5% bias on the 576
COT are expected for a 10% error on the water vapour profile. Although a good accuracy is 577 expected from the forecast model, this limitation should be kept in mind when utilising or 578 further developing SEVIRI products. In the companion paper, the humidity from the forecast 579 will be compared against the dropsonde measurements from the CLARIFY-2017 campaign. 580 581
The choice of the aerosol model used to produce the LUT is also a key feature of the method. 582
In situ measurements of aerosols above clouds have been performed off the coast of Ascension 583
Island during the CLARIFY-2017 field campaign. An aerosol model optimised for the SEVIRI 584 spectral bands has been obtained by analysing the vertical profiles of extinction and absorption 585 from EXSCALABAR together with the size distribution from a PCASP. A bimodal lognormal 586 distribution has shown to adequately reproduce the observations. A fine mode radius of 0.12 587 µm has been obtained, which is in good agreement with the biomass burning measured over 588 the SEAO during SAFARI 2000 . The refractive index has been 589 evaluated at 1.51-0.029i. The corresponding SSA of 0.85 at 0.55 µm is consistent with both in 590 situ and remote sensing observations of African biomass burning aerosols (Johnson et al., 2008; 591 Sayer et al., 2014) . In addition to the uncertainty associated with the estimation of the aerosol 592 model, a seasonal dependence is expected in the biomass burning properties as well as 593 modifications due to aging processes during their transport over the SEAO. We have evaluated 594 the impact of applying a single model assumption on both aerosol and cloud properties. 595
Retrievals have been performed considering aerosol models with modified SSA and 596 asymmetry factor g. It has been shown that the sensitivity of the retrieved cloud properties to 597 the aerosol model assumption is small with errors lower than 5.6% on the COT and 2.6% on 598 the CER. As expected the impact of the assumed aerosol properties is much larger on the above 599 cloud AOT, with an uncertainty estimated at 40% before 15:00 UTC. This uncertainty is led 600 by the sensitivity of the retrieval to the SSA. Because the method relies on the impact of the 601 aerosol absorption on the light reflected by the clouds, the perturbation of the SSA has 602 primarily an impact on the scattering contribution of the AOT. Therefore, a better accuracy is 603 obtained on the retrieved AAOT, with biases generally lower than 17% before 15:00 UTC. 604
After that time, an increase of the uncertainty on both the AOT and the AAOT has been 605 observed, and users are advised to be careful when using the late afternoon aerosol product. 606
For any satellite retrievals based on the colour-ratio technique, aerosol properties, including 607 the SSA, have to be assumed and the same order of magnitude can be expected on the 608 sensitivity of their AOT. This analysis highlights the importance of a suitable constrain on the 609 SSA. 610 611
Despite the wider channels and the narrower spectral range of SEVIRI, it has been 612 demonstrated that the geostationary instrument has the potential to detect and quantify the 613 absorbing aerosol plumes transported above the clouds of the SEAO. Except from observations 614 within the glory backscattering for which the retrieval has shown to be unstable, a good 615 consistency has been observed on the aerosol and cloud properties. The stability of the results 616 during the day is promising for future uses of the SEVIRI algorithm. In the companion paper, 617 the reliability of the retrieved aerosol and cloud properties will be further assessed by analysing 618 the consistency with the MODIS retrievals and comparing with direct measurements from the 619 CLARIFY-2017 field campaign. The potential of such a retrieval is obvious. The 15-minute 620 resolution will aid in tracking the fate of above-cloud biomass burning aerosol and will prove 621 invaluable for assessing models of the emission, transport and deposition of biomass burning 622 aerosol, with implications for accurate determination of the direct radiative effects of biomass 623 burning aerosol at high temporal resolution. 624 625 c. d.
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